Abstract. Local Binary Pattern (LBP) algorithm is a classical algorithm in the field of face recognition. It can capture local detail features, but its robustness and recognition rate are easily affected by external environmental changes.In this paper, an improved LBP algorithm which combines Euclidean distance and differential coding is proposed. The improved EDLBP operator is applied to feature extraction and compared with various improved LBP algorithms in different databases.The experimental results show that the correlation between the EDLBP algorithm and the LBP, MBP, LTP and ELBP algorithms is improved in the databases with illumination diversity and texture rotation. When compared to the recognition rate changes obtained using the CUReT database at different training samples, the highest recognition rate of EDLBP algorithm is 55.49%, 23.36% and 2.46% higher than that of LBP, MBP and LTP algorithms respectively. By comparing similarity of the two face images, the EDLBP algorithm is 1.04%, 2.94%, 4.69%, and 5.56% higher than the latest ELBP algorithm.
Introduction
Face recognition is a biometric technology for identifying facial features of humans. Its application prospects are very broad. Such applications include video surveillance, public security, justice and criminal investigation, and other security areas. The key to facial recognition is the extraction of appropriate information to identify faces.. In the past few decades, relevant researchers have proposed many algorithms for feature extraction. Geometric feature-based methods [1] , linear discriminant analysis [2] , eigenface method [3] , and neural network method [4] can well describe the shape and texture of faces, however, it is difficult to process images with too many dimensions and it is susceptible to objective factors such as lighting.. In recent years, local-based methods have become more and more popular among researchers. This is because local-based methods can not only solve the problem of excessive data dimension, but also have invariance to illumination and expression. Local Binary Pattern (LBP) [5] is a very effective texture description operator. The LBP algorithm was originally used in texture description and was used for face recognition due to its simple calculation and strong feature classification ability [6] . However, the local binary mode generates a large amount of noise information when calculating the LBP operator, and the computational quantity becomes larger due to the large dimension of the feature vector, which affects the recognition efficiency. Based on the LBP algorithm, a series of improved algorithms are proposed, including MBP [7] , LTP [8] , ELBP [9] algorithms, but they all did not consider the effect of the Euclidean distance of the neighborhood pixel on the central pixel point.
Based on the above problems, this paper proposes an improved LBP algorithm based on Euclidean distance-differential coding(EDLBP). Firstly, when encoding with neighborhood pixels, it is no longer simply comparing the neighborhood pixels with the central pixels, but using the neighborhood pixels. The point is compared with the previous pixel point and the intermediate pixel point respectively, and then the two code words compiled according to different Euclidean distances are recombined into new codes by different weights, and finally verified by different face database experiments. When compared to the original LBP algorithm, the improved algorithm has better represenation and descriminating ability for face images. For the initial pixel point 1 i , the encoding rules are as follows: For the remaining pixels, the encoding rules are as follows: ,
Since there are two kinds of Euclidean distances, the respective 8-bit codes 1 m has been obtained, it is necessary to determine the corresponding specific gravity. Since the Euclidean distance between the neighborhood and the central pixel is 1 and 2 , respectively, the basic knowledge of image processing shows that the closer it is to the central pixel, the larger the neighborhood pixel coding's coefficient of the central pixel, so the weights of the two different neighborhood pixels are redistributed. The specific allocation is as follows:
Where l and ' l satisfied the following relationship: (Fig. 2 (a) is the original image, 2.b is the grayscale image, 2.c is the corresponding histogram) According to [10] , the above extracted EDLBP histogram can measure the similarity of two facial images by the distance 2  , which is defined as: The improved EDLBP algorithm is compared with various LBP improved algorithms on Brodatz, OuTex, UIUC and KTH-TIPS databases with illumination diversity and texture rotation changes. According to the Brodatz database classification, it can be seen that the classification recognition rate of the EDLBP algorithm is 25.02%, 18.66%, 0.94%, and 0.63% higher than the LBP, MBP, LTP, and ELBP algorithms respectively. For the TC14, UIUC and KTH-TIPS database with simultaneous illumination diversity and texture rotation, the recognition rate of EDLBP algorithm is higher than those algorithms, respectively, indicating that the EDLBP algorithm can effectively improve the robustness. various LBP variants to the complex external environmen changes. Under the condition of different training samples, the algorithm classification recognition rate increases significantly with the increase of the number of training samples. The EDLBP algorithm proposed in this paper has better classification effect than LBP and its various improved algorithms. The recognition rate of EDLBP algorithm is increased by 55.49%, 23.36% and 2.46%, respectively, which indicates that EDLBP algorithm can be effectively used for texture classification with complex environment changes. Table 2 uses the FERET database test experiment using the complete set of fa database(1196 images) as a template set , using the complete set of fb database(1195 images), fc database(194 images), dup1 database(722 images), and dup2 (234 pictures) as the test set. It can be seen from the table that, the recognition rate of the EDLBP algorithm is 2.11%, 12.90%, 15.52% and 14.00% higher than the traditional LBP algorithm. Compared with the latest ELBP algorithm, it also increased by 1.04%, 2.94%, 4.69% and 5.56%. This shows that the EDLBP algorithm has great advantages when using 2  distance to measure the similarity between two face images.
Summary
In this paper, we consider variations in Euclidean distance between adjacent pixels and intermediate pixels, determine the weight of pixels with different Euclidean distances, and combine the differential encoding to re-encode the central pixel.When compared with other algorithms in different databases, the experimental results show that the EDLBP algorithm has different degrees of improvement in different databases.
